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[57] ABSTRACT

A carry transfer apparatus having a plurality of groups
is provided. Each of the groups contains an inverter
having an input terminal connected to a first signal
Input terminal, a first NMOS transistor having a gate
connected to an output terminal of the inverter and a
drain connected to a second signal input terminal, a
PMOS transistor having a gate connected to the output
terminal of the inverter, a source connected to a power
source voltage terminal and a drain connected to a
source of a PMOS transistor in the next group, a second
NMOS transistor having a gate connected to the output
terminal of the inverter and a drain connected to a
ground voltage terminal, a third NMOS transistor hav-
Ing a gate connected to a source of the second NMOS
transistor and to a gate of a corresponding NMOS tran-
sistor in the next group, a drain connected to a carry
signal input terminal and a source connected to a source
of the first NMOS transistor, a fourth NMOS transistor
having a gate connected to the first signal input termi-
nal, a drain connected to the carry signal input terminal
and a source connected to the sources of the first and
third NMOS transistors and to a drain of a correspond-
ing NMOS transistor in the next group, and an exclu-
sive-NOR gate having two input terminals coupled
respectively to the first and carry signal input terminals.

2 Claims, 2 Drawing Sheets
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1
CARRY TRANSFER APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates in general to fast carry
transfer apparatus, and more particularly to a carry
transfer apparatus in which a reduced number of transis-
tors are used to reduce a layout area of a chip and a
transfer delay time of a carry signal in designing a logic
circuit.

2. Description of the Prior Art

Referring to FIG. 1, there is shown a detailed circuit
diagram of a conventional carry transfer apparatus. As
shown in this drawing, the conventional carry transfer
apparatus comprises first to fourth groups 1040, invert-
ers I1-I6 and NMOS transistors MN1-MN2.

The first group 10 comprises NMOS transistors
MN13 and MN14. The NMOS transistor MN13 has a
gate connected to a first signal input terminal S45 and a
drain connected to a second signal input terminal C4b.
Similarly, the NMOS transistor MN14 has a gate con-
nected to the first signal input terminal S4b and a drain
connected to the second signal input terminal C45.

Also, the first group 10 comprises an exclusive-NOR
gate EXR11 having one input terminal connected to the

first signal input terminal S4b, an inverter I11 having an

input terminal connected to the first signal input termi-
nal S4b, and NMOS transistors MN11 and MN12.

The NMOS transistor MN11 has a gate connected to
an output terminal of the inverter I11, a source con-
nected to a source of the NMOS transistor MN13 and a
drain connected to a power source voltage terminal
V pp. The NMOS transistor MIN12 has a gate connected
to the output terminal of the inverter 111, a source con-
nected to a source of the NMOS transistor MN14 and a
drain connected to a ground voltage terminal GND.

The first group 10 also comprises an inverter 112
having an input terminal connected to the power source
voltage terminal Vpp, an inverter 113 having an input
terminal connected to the ground voltage terminal
GND, and NMOS transistors MN15 and MN1S6.

‘The NMOS transistor MN15 has a drain connected to
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an output terminal of the inverter 112 and a source

connected to the other input terminal of the exclusive-
NOR gate EXR11. The NMOS transistor MN16 has a
drain connected to an ouiput terminal of the inverter
I13 and a source connected to the other input terminal
of the exclusive-NOR gate EXR11.

In the same manner as those of the first group 10, the
second to fourth groups 20-40 have NMOS transistors
MN21-MN26, MN31-MN36 and MN41-MN46, in-
verters 121-123, 131-133 and 141- 143 and exclusive-
NOR gates EXR21, EXR31 and EXR41, respectively,
associated with first signal input terminals S56-S75 and
second signal input terminals C55-C7b.

The inverters I1 and I2 are connected in series to a
carry signal input terminal C1. An output terminal of
the inverter I2 is connected to gates of the NMOS tran-
sistors MIN15, MN25, MN35 and MN45 in the first to
fourth groups 1040 and a gate of the NMOS transistor
MNI1. An output terminal of the inverter I1 is con-
nected to gates of the NMOS transistors MN16, MN26,
MN36 and MN46 in the first to fourth groups 10-40 and
a gate of the NMOS transistor MN2.

As mentioned above, the drain of the NMOS transis-
tor MN11 in the first group 10 is connected to the
power source voltage terminal Vpp. The source of the
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NMOS transistor MN11 in the first group 10 is con-
nected to drains of the NMOS transistors MN21, MN31
and MN41 in the second to fourth groups 20-40. The
inverters I3 and 14 are connected in series to a source of
the NMOS transistor MN41 in the fourth group 40. An
output terminal of the inverter 14 is connected to a drain
of the NMOS transistor MN1.

Also, the drain of the NMOS transistor MN12 in the
first group 10 is connected to the ground voltage termi-
nal GND. The source of the NMOS transistor MN12 in
the first group 10 is connected to drains of the NMOS
transistors MN22, MN32 and MN42 in the second to
fourth groups 20-40. The inverters I5 and 16 are con-
nected in series to a source of the NMOS transistor
MN42 in the fourth group 40. An output terminal of the
inverter 16 is connected to a drain of the NMOS transis-
tor MN2. Sources of the NMOS transistors MN1 and
MN2 are connected in common. A common connection
point of the sources of the NMOS transistors MN1 and
MN2 is connected to a carry signal output terminal C2.

The operation of the conventional carry transfer
apparatus with the above-mentioned construction will
hereinafter be described.

First, if the carry signal C1 is logically low, an output
signal from the inverter I1 is logically high and an out-
put signal from the inverter 12 is logically low.

The low output signal from the inverter I2 turns off
the NMOS transistor MN15 in the first group 10,
whereas the high output signal from the inverter I1
turns on the NMOS transistor MN16 in the first group
10. As a result, the NMOS transistors MN12 and MN14
in the first group 10 are turned on.

On the contrary, if the carry signal C1 is logically
high, the output signal from the inverter 11 is logically
low and the output signal from the inverter 12 is logi-
cally high.

The high output signal from the inverter 12 turns on
the NMOS transistor MN15 in the first group 10,
whereas the low output signal from the inverter I1 turns
off the NMOS transistor MN16 in the first group 10. As
a result, the NMOS transistors MN11 and MN13 in the
first group 10 are turned on.

With the above operation performed, the final signals
S4-S7 are outputted by summing the first input signals
S456-S7b with the carry signal C1. At this time, the
second input signals C45-C7b are outputted as the carry
signal C2 when all of them are logically high.

In the case where all the first input signals S456-S7b
are logically low and all the second input signals
C456-C7b are logically low, the carry signal C1 is not
transferred to the next stage, thereby causing the carry
signal C2 to become logically low. Also, in the case
where all the first input signals S456-S7b are logically
high and all the second input signals C45-C7b are logi-
cally low, the carry signal C1 is transferred to the next
stage. In this case, the carry signal Cl1 is outputted as the
carry signal C2.

Namely, upon receiving the first and second input
signals S46-S7b and C45-C7b, the groups 10-40 per-
form carry operations of the first and second input sig-
nals S46-S7b and C4b-C7b. Therefore, a transfer speed
of the input signals C456-C7b and the carry signal C1
becomes fast. |

At this time, a transfer delay time of the carry signal
C1 1s determined by summing a transfer time of the
carry signal C1 based on the power source voltage
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V ppand the ground voltage GND and a switching time
of the NMOS transistors MN1 and MN2.

However, the above-mentioned conventional carry
transfer apparatus has a disadvantage in that the transis-
tors used in each group are large in number, resulting in
an increase in a layout area of a chip and an increase in
the transfer delay time of the carry signal in designing a
logic circuit.

SUMMARY OF THE INVENTION

Therefore, the present invention has been made in
view of the above problem, and it is an object of the
present invention to provide a carry transfer apparatus
in which a reduced number of transistors are used in
each group to reduce a layout area of a chip and a trans-
fer delay time of a carry signal in designing a logic
circuit.

In accordance with the present invention, the above

and other objects can be accomplished by a provision of
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a carry transfer apparatus comprising a plurality of 20

groups, each of said groups comprising a first inverter
having an input terminal connected to a first signal
Input terminal; a first NMOS transistor having a gate
connected to an output terminal of said first inverter
and a drain connected to a second signal input terminal;
a PMOS transistor having a gate connected to the out-
put terminal of said first inverter, a source connected to
a power source voltage terminal and a drain connected
to a source of a PMOS transistor in the next group; a
second NMOS transistor having a gate connected to the
output terminal of said first inverter and a drain con-
nected to a ground voltage terminal: a third NMOS
transistor having a gate connected to a source of said
second NMOS transistor and to a gate of a correspond-
ing NMOS transistor in the next group, a drain con-
nected to a carry signal input terminal and a source
connected to a source of said first NMOS transistor; a
fourth NMOS transistor having a gate connected to the
first signal input terminal, a drain connected to the
carry signal input terminal and a source connected to
the sources of said first and third NMOS transistors and
to a drain of a corresponding NMOS transistor in the
next group; and an exclusive-NOR gate having one
input terminal connected to the first signal input termi-
nal and the other input terminal connected to the carry
signal input terminal; the drain of said PMOS transistor
in the last group being connected to the gate of said
third NMOS transistor in the last group.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages
of the present invention will be more clearly understood
from the following detailed description taken in con-
Junction with the accompanying drawings, in which:

FIG. 1 is a detailed circuit diagram of a conventional
carry transfer apparatus; and

FIG. 2 1s a detailed circuit diagram of a carry transfer
apparatus in accordance with the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring to FIG. 2, there is shown a detailed circuit
diagram of a carry transfer apparatus in accordance
with the present invention. As shown in this drawing,
the carry transfer apparatus comprises first to fourth
groups 100400, and inverters Ia and Ib.

The first group 100 comprises an inverter 1101 having
an input terminal connected to a first signal input termi-
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4
nal S4b, an exclusive-NOR gate EXR101 having one
input terminal connected to the first signal input termi-
nal S4b, NMOS transistors MN101-MN104 and a
PMOS transistor MP101.

The NMOS transistor MN102 has a gate connected
to an output terminal of the inverter 1101 and a drain
connected to a second signal input terminal C45. The
PMOS transistor MP101 has a gate connected to the
output terminal of the inverter 1101, a source connected
to a power source voltage terminal Vpp and a drain
connected to a source of a PMOS transistor MP201 in
the next group 200.

The NMOS transistor MN103 has a gate connected
to the output terminal of the inverter 1101 and a drain
connected to a ground voltage terminal GND. The
NMOS transistor MN104 has a gate connected to a
source of the NMOS transistor MN103 and to a gate of
a NMOS transistor MN204 in the next group 200, a
drain connected to a carry signal input terminal C1 and
a source connected to a source of the NMOS transistor
MN102.

The NMOS transistor MN101 has a gate connected
to the first signal input terminal S45, a drain connected
to the carry signal input terminal C1 and a source con-
nected to the sources of the NMOS transistors MN102
and MN104 and to a drain of a NMOS transistor
MN201 in the next group 200. The carry signal C1 is
also applied to the other input terminal of the exclusive-
NOR gate EXR101.

In the same manner as those of the first group 100, the
second to fourth groups 200-400 have NMOS transis-
tors MN201-MN204, MN301-MN304 and
MN401-MN404, PMOS transistors MP201, MP202 and
MP203, inverters 1201, 1301 and 1401 and exclusive-
NOR gates EXR201, EXR301 and EXR401, respec-
tively, associated with first signal input' terminals
S356-S7b and second signal input terminals C55-C7b.

The inverters Ia and Ib are connected in series be-
tween a source of the NMOS transistor MN401 in the
fourth group 400 and a carry signal output terminal C2.

Noticeably, a drain of the PMOS transistor MP401 in
the last group 400 is connected to a gate of the NMOS
transistor MN404 in the last group 400.

The operation of the carry transfer apparatus with
the above-mentioned construction in accordance with
the present invention will hereinafter be described in
detail.

First, in the case where the carry signal C1 is logi-
cally high and all the first input signals S456-S7b are
logically high, output signals from the inverters 1101,
1201, 1301 and 1401 in the first to fourth groups 100-400
are logically low. In the first group 160, the low output
signal from the inverter 1101 turns off the NMOS tran-
sistors MN102 and MN103 and turns on the PMOS
transistor MP101. As a result, the NMOS transistors
MN204, MN304 and MN404 in the second to fourth
groups 200-400 are turned on by the power source
voltage V4.

Also, the NMOS transistors MN101, MN201, MN301
and MN401 in the first to fourth groups 100-400 are
turned on by the high states of the first input signals
S4b-S7b, thereby causing the carry signal C1 to be
outputted as the carry signal C2. In this case, the carry
stgnal C1 has no effect on output signals S4-S7 from the
exclusive-NOR gates EXR101-EXR401 in the first to
fourth groups 100-400.

On the other hand, in the case where the carry signal
C1 is logically high and at least one of the first input
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signals S45-S7b is logically low, the output signals
54-S7 from the exclusive-NOR gates EXR101--
EXRA401 in the first to fourth groups 100-400 are depen-
dent on the second input signals C55-C7b.

Also, in the case where the second input signal C7b is
logically high and the first input signal S75 is logically
low, the second input signal C75 is outputted as the
carry signal C2 through the inverters Ia and Ib. In this
case, the second input signal C76 has no effect on the
output signals S4-S7 from the exclusive-NOR gates
EXR101-EXR401 in the first to fourth groups 100-400.

With the above operation performed, the final signals
S4-S7 are outputted by summing the first input signals
S4b-STb with the carry signal C1. At this time, the
second input signals C45-C7b are outputted as the carry
signal C2 when all of them are logically high.

In the case where all the first input signals S45-S7b
are logically low and all the second input signals
C46-C7b are logically low, the carry signal C1 is not
transferred to the next stage, thereby causing the carry
signal C2 to become logically low. Also, in the case
where all the first input signals S45-S7b are logically
high and all the second input signals C456-C7b are logi-
cally low, the carry signal C1 is transferred to the next
stage. In this case, the carry signal C1 is outputted as the
carry signal C2.

Namely, upon receiving the first and second input
signals S45-S7b and C4b-C7b, the groups 100-400 per-
form carry operations of the first and second input sig-
nals S45-S7b and C4b-C7b. Therefore, the carry trans-
fer operation is performed.

As apparent from the above description, according to
the present invention, the reduced number of transistors
are used 1n each group. This has the effect of reducing
a layout area of a chip and a transfer delay time of the
carry signal in designing a logic circuit.

Although the preferred embodiments of the present
invention have been disclosed for illustrative purposes,
those skilled in the art will appreciate that various modi-
fications, additions and substitutions are possible, with-
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out departing from the scope and spirit of the invention
as disclosed in the accompanying claims.

What is claimed is: |

1. A carry transfer apparatus comprising a plurality

of groups, each of said groups comprising;:

a first inverter having an input terminal connected to
a first signal input terminal;

a first NMOS transistor having a gate connected to an
output terminal of said first inverter and a drain
connected to a second signal input terminal:

a PMOS transistor having a gate connected to the
output terminal of said first inverter, a source con-
nected to a power source voltage terminal and a
drain connected to a source of a PMOS transistor
in the next group;

a second NMOS transistor having a gate connected
to the output terminal of said first inverter and a
drain connected to a ground voltage terminal:

a third NMOS transistor having a gate connected to
a source of said second NMOS transistor and to a
gate of a corresponding NMOS transistor in the
next group, a drain connected to a carry signal
input terminal and a source connected to a source
of said first NMOS transistor:

a fourth NMOS transistor having a gate connected to
the first signal input terminal, a drain connected to
the carry signal input terminal and a source con-
nected to the sources of said first and third NMOS
transistors and to a drain of a corresponding
NMOS transistor in the next group; and

an exclusive-NOR gate having one input terminal
connected to the first signal input terminal and the
other input terminal coupled to the carry signal
input terminal;

the drain of said PMOS transistor in the last group
being connected to the gate of said third NMOS
transistor in the last group.

2. A carry transfer apparatus as set forth in claim 1,

further comprising:

second and third inverters connected in series be-
tween the source of said fourth NMOS transistor in

the last group and a carry signal output terminal.
¥ ¥ % ¥ ¥
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